There are two reliable methods of determining blood volumes which may be applied to patients. They are (a) the carbon monoxide method, first adapted to man by Haldane and Smith (1) and (b) the dye method of Keith, Rowntree and Geraghty (2) . The former method gives results that are probably a little lower than the actual blood volume whereas the latter gives results a little higher than the actual blood volumes. The high results by the dye method have been shown by Smith (3) to be due to transfusion of part of the dye into the lymph.
However, the amount of dye disappearing in the lymph is small and fairly constant and the method is accurate for comparative results.
Our knowledge of blood volumes has been recently reviewed by Erlanger (4) . In the present paper, only such results as seem to concern this work will be mentioned. The findings of the various workers seem fairly concordant and indicate that adults tend to have about 50 milliliters of plasma and 83 milliliters of blood per kilogram of body weight, as determined by the dye method (Keith, Rowntree and Geraghty (2) Bock (5), Brown ana Rowntree (6) ). Bock has emphasized the fact that the plasma volume is more constant than the blood volume and has found it to be about 50 Robertson and Bock (7) found in soldiers who had lost large amounts of blood that the plasma volume returns quickly to normal unless the volume of the red cells has reached a certain low minimum. If the loss of the red cells is below this minimum, the plasma volume cannot be maintained until the red cell volume has been restored. Obese adults have low plasma volumes per kilogram of body weight (Brown and Keith (8) ) but the plasma volume per square meter of surface area of obese adults was found to be essentially the same as for normal adults. A formula relating the blood volume to the surface area times a constant was worked out by Dreyer and Ray (9) , the constant being different for different species of animals. These workers felt that since fat is a relatively avascular tissue, surface area would be a better measure of blood volume than weight.
Reports of actual blood volume determinations in infants are confined to three papers. None have been reported on older children. Lucas and Dearing (10) determined blood volumes by the dye method on infants during the first year of life. Their results expressed in milliliters per kilogram of body weight are: blood volume in newly born infants 107 to 195, average 147; plasma volume in newly born infants, 42 to 77, average 59; blood volume in older infants, 90 to 126, average 110; plasma volume, 57 to 78, average 67. In the first weeks of life, a wider variation in the plasma volume was found than later, and the whole blood volume was higher. However, the high whole blood volume in the newly born is entirely accounted for by the high volume of the red cells. The plasma volume is actually lower in the newly born than in infants over six weeks old. Bakwin (13) . The surface area was computed by the formula of Lissauer (14) for the infants under one year of age. In the other patients, the surface area was obtained from the table of Benedict and Talbot (15) based on this formula. The data of the present study were obtained from essentially normal infants and children. The older children were suffering from fractures, or had recovered from some minor illness. The babies had recovered from upper respiratory infections or were in the hQsspital for some minor complaint. Most of the infants were slightly undernourished and fed on modified cows' milk. The results reported here and to be reported in the subsequent papers indicate that moderate undernutrition makes no difference in the plasma volume per kilogram of body weight. The data found on these patients are given in detail in tables 1 and 2, but the general trend and significance may be appreciated best by examining the two charts.
Chart 1 represents the blood and plasma volumes in milliliters per kilogram of body weight as related to age. As there were not enough determinations to permit conclusions concerning the blood and plasma volumes during the first six weeks of life, the lower relative plasma volume at this age is represented in accordance with previous work (Lucas and Dearing (10) and Bakwin and Rivkin (11) ). The plasma volume per kilogram of body weight as related to age describes a curve as indicated on chart 1. This curve starts at about 50 milliliters per kilogram of body weight and rises rather rapidly to 62 milliliters by the sixth month of life, remains high well into the second year, and then gradually returns to 50 milliliters by the beginning of the fourth year. Thereafter the plasma volume per kilogram of body weight agrees well with the adult figure, cited above. The whole blood volume tends to describe a similarly shaped curve, but, due to variations in the volumes of the red cells, the whole blood volume cannot be predicted very accurately. In general the blood volume per kilogram is 25 to 35 milliliters more than the plasma volume for the C em 000) 00% asi ci
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The total serum protein per kilogram of body weight is given on a few cases in (8)).
The variability of the red cell volume makes the curve of the blood volume per square meter of surface area more irregular. In general the whole blood volume describes a curve similar in shape to the one described by the plasma volume.
The question as to whether weight or surface area is better correlated with the plasma volume has not been settled and the data in this paper only bring out new facts. The average of the percentage standard deviations for each age is the same (5.4) whether plasma volume is compared with weight or surface area. However, since weight is more variable than surface area, the same degree of correlation would indicate a closer relationship between weight and plasma volume, than surface area and plasma volume. However, there are not enough cases in this series to draw conclusions from small differences. The main fact brought out is that surface area cannot be correlated with the plasma volume unless the age of the individual is also taken into account, but weight may be correlated with the plasma volume after the third year, since the plasma volume is constant at 50 milliliters per kilogram of body weight, after tbis age (see charts 1 and 2). (16)).
There is both a rise in the metabolic rate and in the plasma volume during the first year of life and both remain high during the second year. The basal metabolic rate drops rather rapidly till the beginning of the fourth year and continues to decrease slowly during the rest of childhood. The plasma volume per kilogram of body weight decreases rapidly till the fourth year but then seems to be quite constant.
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However, the figures for adults tend to be slightly lower than those for children reported in this paper (see previous references) and the comparatively small number of cases reported here may not have been sufficient to indicate a slight tendency to a decrease in the plasma volume after the third year. Thompson (17) found in nine patients with myxedema that treatment with thyroid extract caused an increase in the total plasma volume as follows: average increase in the total plasma volume 22 per cent; average increase in the plasma volume per kilogram of body weight 28 per cent; average increase in plasma volume per square meter of body surface 22 per cent. Furthermore, the plasma volume while the patients were suffering from myxedema, in general, was low. These facts seem to indicate that the higher the metabolic rate, the larger the amount of water in the blood stream, and the lower the metabolic rate, the smaller the amount of water in the blood stream.
The fact that the metabolic rate is so closely related to the surface area and that the surface area has a relation to the plasma volume which varies with the age of the child demands some explanation. The work of Brown and Keith (8) on obese patients would lead one to expect a close correlation between plasma volume and surface area. These facts may be reconciled by assuming that the plasma volume is related primarily to the mass of the body tissues and that there is only a secondary relation between the plasma volume and the metabolic rate. Thus weight becomes the better measure of the plasma volume when mndividuals of widely different sizes are chosen, but with individuals of about the same weight, the surface area may be a better measure of the plasma volume than weight.
The red cells play an important part in the regulation of the blood volume. In normal individuals, the volume of the red cells is large enough to maintain the plasma volume. However, a minimum volume of red cells is necessary to carry and hold water in the blood stream. (Robertson and Bock (7) Keith (18)). The dependence of the body on red cells to transport water is suggested by the appearance of edema in severe cases of anemia. Based on the increased depression of the freezing point which accompanies an increase in the tension of the carbon dioxide to which blood is exposed, Buckman and Darrow (19) have advanced the hypothesis that amongst the other varied functions of the red cells must be added that of being the chief carrier of water. The mechanism of maintaining and carrying the blood and plasma water may be explained in part as follows. Given an adequate volume of red cells circulating through the body, the following events tend to take place. When the oxygenated blood reaches the systematic capillaries, a certain amount of fluid is filtered out of the blood stream by hydrostatic pressure; the red cells lose oxygen and take up carbon dioxide, as a result of the increased tension of carbon dioxide This causes an increase in the osmotic pressure of the plasma and presumably of the red cells which become swollen with water taken from the plasma. The increased osmotic pressure of the plasma enables it to take up water from the tissues to replace the loss of water to the red cells. In the lung capillaries all the factors favor an accumulation of water in the pulmonary tissues. In addition to the hydrostatic filtration process, the loss of carbon dioxide decreases the osmotic pressure of the plasma and thus favors the transfusion of water into the alveolar tissues. This probably accounts for the fact that the lungs contain a higher proportion of water than any other body tissue. The extent of the tendency of the circulating blood to take up water from the systemic tissues will depend ultimately on the amount of carbon dioxide carried by the blood. Although, in the plasma alone, bicarbonate is formed on exposure to carbon dioxide, and this reaction is accompanied by an increase in the osmotic pressure and is a reversible reaction, it is the presence of hemoglobin in the red cells, which so greatly enhances the efficiency of this reaction. The hemoglobin under the influence of carbon dioxide loses oxygen and becomes more alkaline, and conversely, the presence of oxygen frees carbon dioxide through the formation of oxyhemoglobin which is more acid than reduced hemoglobin. This property of hemoglobin explains the efficiency of blood not only as a carbon dioxide but also as a water carrier. Thus the amount of water taken up by the blood from the tissues should be related to (I) the amount of carbon dioxide produced or the basal metabolic rate and (2) happens with a too rapid rate of blood flow. Similarly with a slow circulation, the increase in osmotic pressure may be great enough to increase the rate of water diffusion back into the plasma. Thus, when the water carrying mechanism of the blood is compensated, apparently a slow rate of blood flow leads to increased plasma water content, and diminished tissue water content, whereas a rapid rate of blood flow leads to a diminished plasma water content and an increased tissue water content. However, due to the shape of the carbon dioxide curve, which shows diminishing increments in bicarbonate with increasing carbon dioxide pressure, the carbon dioxide carrying and water carrying mechanism would tend to break down with too slow a rate of blood flow, and, in such cases, one would expect an accumulation of water in both the tissues and plasma. Data supporting these views will be given in subsequent papers in cases of pneumonia and heart disease.
When carbon dioxide excretion is interfered with in the lungs, as in cases of pulmonary edema, the first obvious change in the blood is an increase in arterial bicarbonate and decrease in arterial oxygen. This lessens the difference in bicarbonate content of venous and arterial blood by making the blood work at a higher carbon dioxide pressure, and as noted above, this diminishes the efficiency of the carbon dioxide and water carrying mechanism of the blood. Thus pulmonary edema leads to diminished plasma water content, and increased tissue water content. Evidence of these changes is given in post-influenzal pneumonia and poisoning by war gases by Underhill and Ringer (20) and Underhill (21) . In emphysema, the increased red cell concentration leads to greater efficiency of the carbon dioxide and water carrying mechanism of the blood. Only experimental observations can tell whether this is sufficient to overcome the tendency to diminished plasma volume one would otherwise expect.
TIhe above mechanism can only be considered a partial explanation of the transportation and distribution of water. Increased pressure of carbon dioxide in the tissues increases the osmotic pressure of the tissues by a process similar to that observed in the blood, and thus alters the water distribution. Other means of varying the salt binding 256 power of proteins must occur, but little is known of such processes. Furthermore, our present knowledge does not permit a discussion of the rcle played by differential excretion of electrolytes and other crystalloids by the kidneys, intestines and sweat glands. Also any disturbance in the distribution of colloids should produce adisturbance in the water balance. No explanation of water metabolism can be complete, without considering these factors in addition to the mechanism postulated in this paper.
SUMMARY
Blood volumes determined by the dye method are reported on normal infants and children up to twelve years of age. A curve of the plasma volume per kilogram of body weight as related to age shows a rise in the plasma volume from 50 to 62 milliliters during the first year of life, and a return to 50 milliliters, by the fourth year. Thereafter, the plasma volume remains constant at 50 milliliters per kilogram of body weight.
A curve of the plasma volume per square meter of surface area as related to age shows a rapid rise from 750 to 1100 milliliters during the first year of life, and thereafter there is a gradual increase to 1375 milliliters by the twelfth year.
The proportion of the blood represented by the red cells is about 30 per cent, except during the first six weeks of life, when it is 45 to 70 per cent. The whole blood volume cannot be predicted very accurately either from the weight or the surface area because of the variability of the cell volume.
The following hypotheses are advanced: (1) The amount of plasma is primarily dependent on the mass of the body tissues. (2) Within certain limits set by the mass of the tissues, the amount of water in the blood stream varies directly with the metabolic rate.
The mechanism by which the plasma volume is maintained and varied is given a partial explanation.
